Biallelic inactivation of the retinoblastoma tumor suppressor gene (RB1) causes formation of retinoblastoma, a retinal eye tumor occurring in early childhood. Using the CRISPR/Cas9 nickase system, exon 1 of RB1 was deleted, including the RB1 promoter. As a result, sublines were generated carrying deletions of RB1 exon 1/ promoter on one or both alleles.
Resource utility
To study retinoblastoma formation in vitro, modified hESCs carrying mutations of RB1 can be differentiated into neural retina using 3D organoid or monolayer models. To abolish RB1 transcription and expression, the RB1 exon 1/promoter was deleted in H1 hESCs using the CRISPR/Cas9 nickase system.
Resource details
Using the CRISPR/Cas9 nickase system, H1 hESCs were modified by deleting RB1 exon 1 including the RB1 promoter. Four guide RNAs flanking RB1 exon 1 were designed ( Fig. 1A , guide RNAs 1-4 in blue) using the tool provided at www.crispr.mit.edu and were cloned into plasmids pSpCas9n(BB)-2A-GFP and pSPgRNA (Addgene #48140, #47108) (Ran et al., 2013) . These plasmids were introduced into H1 hESCs by nucleofection. Seven days after low density seeding, single cell clones were isolated manually. Analysis of 55 clones by PCR revealed deletion of RB1 exon 1/promoter on one allele in 16 and on both alleles in 2 clones, respectively. One heterozygous and one clone with a biallelic deletion were selected for further analyses (clones E9, D6; Fig. 1 ). The exact sizes of the deletion were determined by next-generation amplicon sequencing for wildtype and deletion fragments. The wildtype fragment was sequenced as separate 5′-and 3′-fragments because of size restrictions. Clone D6 carries deletions of 400 and 416 bp (allele 1: L11910.1:g.1843_2242del; allele 2: L11910.1:g.1848_2262delinsA) and E9 carries one wildtype allele and a deletion of 365 bp (L11910.1:g.1882_2246del) ( Fig. 1A, B ). Modified D6 and E9 cell lines showed stem cell morphology ( Fig. 1C ; scale bar 250 μm). Western blot analysis of clone D6 showed absence of RB1 protein, whereas in E9, RB1 could be detected ( Fig. 1D ). By RT-qPCR analysis, RNA expression of RB1 was reduced in clone E9 and absent in clone D6 ( Fig. 1E ; normalized to GAPDH, calibrated to expression in H1 hESCs). Karyotyping of both subclones confirmed a karyotype of 46, XY ( Fig. 1F , Supplementary file). Derivation of these subclones from H1 hESCs was proven by STR analysis (STR file). Pluripotency of subclones D6 and E9 was demonstrated by immunofluorescent staining and FACS analysis of pluripotency-associated proteins (OCT4, SOX2, NANOG, SSEA4, TRA-1-60) ( Fig. 1G ,H; scale bar 50 μm). Directed monolayer differentiation proved capacity of differentiation into derivatives of all three germ layers analysed by FACS analysis of marker protein expression (ectoderm: NESTIN, PAX6; endoderm: CXCR4, SOX17; mesoderm: CXCR4, T; Fig. 1I ).
Material and methods
Cell culture and nucleofection H1 hESCs (Thomson et al., 1998; www.wicell.org) were cultured feeder-independent in mTeSR1 on Vitronectin XF-coated tissue culture plates at 37°C and 5% CO 2 in a humidified incubator. Passaging was performed in a ratio of 1/10 every 5-7 days using Gentle Cell Dissociation Reagent (Stemcell Technologies). 8 × 10 5 cells were transfected with 1 μg of each Cas9 plasmid (Human Stem Cell Nucleofector Kit 2, Nucleofector II, program B-016). 1/8 of the transfected cells were seeded onto a Vitronectin XF-coated 10 cm Petridish in mTeSR1 supplemented with 10 μM of ROCK inhibitor Y-27632. Medium was changed daily. Single cell clones were isolated manually 7 days after J. Menges, et al. Stem Cell Research 39 (2019) 101517 seeding Tables 1-3 .
Short tandem repeat analysis
STR analysis was performed using the Powerplex 16 HS System (Promega) according to manufacturer's instructions. Fragment lengths were analysed on an ABI Genetic Analyzer 3130XL using GeneMarker program.
Karyotyping
Karyotype analysis was performed in total passage 81. A minimum of eleven metaphases were analysed. Report in Supplementary file.
Next-generation amplicon sequencing
Next-generation amplicon sequencing was performed as described (Steenpass, 2017) .
RNA and protein analysis 50 ng of RNA (RNeasy Mini Kit, QIAGEN) was treated with RQ1-DNaseI (Promega), reverse transcribed into cDNA using GeneAmp RNA PCR Core Kit (Thermo) and used for qPCR amplification of RB1 exons 4-5 using the UPL system and LightCycler 480 (Roche).
Nuclear protein fraction (NE-PER Nuclear and Cytoplasmic Extraction reagent, Thermo) was separated by SDS-PAGE and blotted semi-dry to nitrocellulose membrane. The membrane was blocked with 5% milk powder (at room temperature, 1 h) and incubated over night with primary antibody at 4°C. Horseradish peroxidase-coupled secondary antibodies were added for 1 h. Signals were detected with ChemoStar Touch device (Intas).
Immunofluorescence
Cells were seeded to Vitronectin XF-coated 10-12 mm coverslips in 24-well tissue culture plates and cultivated for 3-5 days. Cells were fixed with 4% paraformaldehyde for 15 min, permeabilized for 5 min using 0.3% Triton X-100 and blocked in 5% BSA for 1 h. Primary antibodies were added over night at 4°C. Secondary antibody incubation was performed for 2 h at room temperature. Images were taken with a Zeiss Axioplan microscope using Metasystems ISIS software. Contrast was enhanced for better visibility.
Directed differentiation
Directed differentiation into derivatives of all germ layers was performed with the STEMdiff Trilineage Differentiation Kit (Stemcell Technologies) according to manufacturer's instructions.
FACS analysis
Surface proteins were stained on single cells prepared with 1× trypsin-EDTA. Cells were resuspended in PBS and incubated with antibodies and isotype controls for 20 min at 4°C.
For staining of intracellular markers, single cells were prepared using Accutase, fixed with 4% paraformaldehyde for 20 min and permeabilized with 0.1% Triton X-100 for 15 min. Antibody/isotype control staining was performed in PBS with 10% FCS for 1 h at room temperature.
FACS analysis was done using the FACSAria II (BD) and Kaluza software (Beckman Coulter) for surface proteins and the CytoFLEX flow cytometer and CytExpert software (Beckman Coulter) for intracellular markers. 
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